INTRODUCTION
Helicobacter pylori (H. pylori) are Gram-negative, flagellate, microaerophilic bacilli. They are an important factor in the aetiology of active chronic gastritis, duodenal ulcers and gastric ulcers, and are present in almost all patients with these diseases. (1) Currently, H. pylori is also accepted to be the cause of gastric carcinoma and gastric mucosa-associated lymphoid tissue lymphoma.
(2) The natural history of H. pylori gastritis involves the inflammation of the antrum, which eventually progresses to the adjacent corpus, resulting in an atrophic front of advancing injury that leads to a reduction in the acid secretion of the stomach, the eventual loss of parietal cells and the development of atrophy. (3) The diagnosis of H. pylori infection is usually based on the results of a rapid urease test (RUT) and the histology of gastric antral biopsies. H. pylori organisms produce abundant urease and the RUT consists of a urea-rich agar gel medium that has a pHsensitive dye infused in it. If the mucosal biopsy specimen placed in the urea-rich agar gel contains H. pylori organisms (i.e. urease would be present in the specimen), hydrolysis of the urea in the gel would occur. This hydrolytic reaction yields carbon dioxide and ammonium ions, resulting in an increase in the pH of the gel, and hence, a change in the colour of the indicator in the gel. (4) The migration of H. pylori from the gastric antrum to the proximal stomach following acid suppression therapy has been reported. (5) In addition, proton-pump inhibitors (PPIs), bismuth and antibiotic therapy have been shown to suppress H. pylori (6) and cause false negative results in 13C-urea breath tests. (7, 8) These findings show that the ability to detect H. pylori is decreased when patients are on certain medications or have undergone suboptimal H. pylori eradication therapy. Some authors have thus suggested the use of an additional biopsy from the gastric body to improve the detection rates of H. pylori. (9) (10) (11) (12) In the present study, we aim to determine whether a second biopsy from the gastric body is necessary in the routine use of RUT for the detection of H. pylori, as well as whether acid suppression and antibiotic therapy affect RUT results.
METHODS
Based on the seroprevalence of H. pylori in the local population, which was reported to be between 13.7% and 34.3%, (13) the recruitment of 400 patients would result in at least one positive RUT in approximately 100 patients. This number would be sufficient for satisfactory statistical analysis. Therefore, we recruited 400 patients for this prospective cross-sectional study.
From July 2005 to May 2009, 400 consecutive patients who presented for gastroscopy to the principal investigator of the present study were recruited. These patients needed to undergo gastroscopy to obtain: (a) endoscopic evidence of gastritis, duodenitis or peptic ulcer disease; and (b) a gastric biopsy for the detection of H. pylori using RUT. Patients who had previously been treated with H. pylori eradication therapy but still presented with nonhealing gastroduodenal lesions were eligible for inclusion in the present study if they had to be retested for the presence of H. pylori. Patients who had coagulopathy, did not require H. pylori detection testing, or had
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The RUT kits (HpFast; GI Supply, Philadelphia, PA, USA) used in the present study had a sensitivity of 88% and specificity of 99% for the detection of H. pylori. (14) All patients who met the study requirements had two gastric mucosal biopsies takenone from the gastric antrum and the other from the gastric body. Separate RUT kits were used for each biopsy specimen. The kits were labelled accordingly, and read at 15 minutes, 1 hour and 24 hours after the insertion of the biopsy into the urea agar gel. The results of the RUTs were recorded.
Information on whether the patients included in the present study had previous or current use of PPI, H2 receptor antagonist, bismuth and antibiotics was obtained. Any previous history of H. pylori eradication therapy was also noted and recorded. Patients were deemed to have a positive drug history (PDH) if they had been on any of the aforementioned groups of drugs within the one week prior to endoscopy. Patients who had not been taking any of those medications within the one week prior to endoscopy were considered to have a negative drug history (NDH), even if they had been taking them previously.
Statistical analysis was performed using IBM SPSS Statistics for Windows version 19.0 (IBM Corp, Armonk, NY, USA). We used chi-square test to determine the relationship between the prevelance of H. pylori in various parts of the stomach and the patients' drug history. A p-value < 0.05 was considered statistically significant. This study was approved by the local ethics committee (Reference no. 2005/12). Table I shows the demographics and clinical characteristics of the 400 patients who were recruited for the present study. Out of the 400 patients, 311 (77.8%) had negative RUT results from both biopsy locations. There was a high prevalence of PDH (52.1%) in the group with negative RUT results from both biopsy locations; these 311 patients were excluded from further analysis. The remaining 89 (22.3%) patients had at least one positive RUT result.
RESULTS
When we compared the patients in the PDH group with those in the NDH group, there was a significant difference in the distribution of locations at which RUT was positive (p = 0.023). The proportion of patients who had positive RUTs for both locations was higher in the NDH group, whereas the proportion of patients who had positive RUTs for only one location (i.e. either the gastric antrum or body) was higher in the PDH group (Table II) .
Based on the data collected, if the biopsies for the RUTs were taken from only the gastric antrum, there would be a 11.5% (6 out of 52) chance and a 29.7% (11 out of 37) chance that a false negative result will be obtained in the NDH and the PDH groups, respectively (Table II) . The false negative rate in the PDH group was significantly higher than that in the NDH group (p = 0.031). The overall rate of false negative RUTs was 19.1% (17 out of 89).
There was no significant difference in the distribution of the RUT results when other factors, such as previous eradication therapy (p = 0.536), presence of gastritis (p = 0.783), presence of duodenitis (p = 0.413), presence of gastric ulcer (p = 0.097) and presence of duodenal ulcer (p = 0.250), were analysed individually. However, the usefulness of RUT in routine clinical practice has been compromised. Medications such as PPIs, bismuth and antibiotics, which reduce the density and/or urease activity of H. pylori, can decrease the sensitivity of RUT by up to 25%. (16) Such acid suppression/antibiotic therapies are highly prevalent in our local population, as evidenced by the present study, where approximately half of the patients (49.8%) had been on such therapies within the one week prior to endoscopy. This is likely due to the changing referral patterns for H. pylori treatment in the last decade, with more treatments being conducted at the primary care setting. (17) When the present study was first started in 2005, there were no firm guidelines regarding the recommended time for the administration of RUT for patients who were receiving treatment with PPIs, bismuth and/or antibiotics. Usually, patients were asked to cease such types of medications for at least one week before taking the RUT.
(16) Therefore, the cutoff time used in the present study for the definition of positive drug history was set at one week prior to testing. A more recent consensus report stated that cessation of PPIs two weeks before testing allows the bacteria to repopulate the stomach. (18) That report also recommended that tests to determine whether H. pylori eradication was successful should be conducted at least four weeks after the end of the treatment (evidence level 2b). (18) However, no study has evaluated the washout period necessary after PPI treatment.
The aim of the present study was not to show when one should stop acid suppression/antibiotic therapy before RUT; our aim was to determine whether an additional biopsy is necessary in the routine use of RUT and whether acid suppression and antibiotic therapy affect RUT results. Therefore, while it is difficult to speculate how our results may have differed if the new criteria (18) for determining PDH and NDH was used, the results of the present study suggest that H. pylori distribution becomes patchy in the presence of a PDH (i.e. positive RUT detected only in the gastric body or only in the gastric antrum in a proportion of the patients). The present study also shows that in cases where it is not possible to stop the use of drugs 2-4 weeks prior to diagnostic gastroscopy (e.g. due to emergent or urgent indications), RUT may still be done, albeit with decreased sensitivity. This decreased sensitivity may be addressed via the use of an additional biopsy; RUT using two biopsies from different parts of the stomach (i.e. the gastric antrum and body) was shown in the present study to achieve a better yield than RUT using a single biopsy. To address the patchy distribution of H. pylori in the stomach after antibiotics or acid suppression therapy, it has been recommended that biopsies for RUT be obtained from two sites -the gastric antrum and gastric body. (9) To maximise the diagnostic yield for H. pylori infection in gastric mucosal biopsies, some authors have recommended the use of tissue samples from at least three sites -the lesser curve angularis, the greater curve antrum and the greater curve corpus. (19) Current guidelines recommend combining gastric antrum and gastric body biopsies for RUT if the patient has had antibiotic or PPI exposure. (20) A recent study by Moon et al found that as compared to testing tissues separately for RUT, combining tissues prior to RUT enhanced the detection of H. pylori by a further 8% and shortened the time needed to develop a positive reaction by approximately 50%. (21) However, due to time and cost constraints, some endoscopists may resort to biopsy from the gastric antrum only.
There have been conflicting reports regarding the most appropriate biopsy site for detecting H. pylori. While the migration of H. pylori from the antrum to the proximal parts of the stomach has been demonstrated among patients on acid suppression therapy with PPIs, (5) the contrary has been shown in a study by Graham et al. (22) In Graham et al's study, H. pylori was not shown to migrate from the antrum to the corpus in response to omeprazole, thus suggesting that not much is to be gained by testing biopsy specimens from the corpus. (22) Bermejo et al found that there was a higher proportion of positive agreement between RUT results and histology results when biopsy specimens were obtained from the gastric body, as compared to the gastric antrum. (23) This may be due to the larger prevalence of both glandular atrophy and intestinal metaplasia at the latter site. (23) Based on the results of the present study, acid suppression/ antibiotic therapy appears to affect the detection rate at different biopsy sites (there were differences between the PDH and NDH groups). The percentage of positive RUTs for specimens from both biopsy sites was significantly lower in the PDH group than in the NDH group (51.4% vs. 78.8%). This means that there was an increased incidence of cases where a positive RUT was obtained from only one biopsy site -either the gastric antrum or gastric body -in the PDH group.
While the findings of the present study support the theory that acid suppression/antibiotic therapy decreases the sensitivity of RUT, it does not provide evidence for the proximal migration of H. pylori to the gastric body. However, firm conclusions could not be made, as there was a small number (n = 11) of patients with negative RUT results from the antrum but positive RUT results from the gastric body. We also observed that there was a larger proportion of patients in the PDH group with positive RUT results from the antrum only. However, the number of patients in this subgroup was even smaller (n = 7) to be able to draw any meaningful conclusion on whether acid suppression/antibiotic therapy caused distal migration of H. pylori.
The results of the present study also support the recommendation of taking gastric biopsies from more than one location for RUT, so as to decrease the chance of a false negative result. We recommend a second biopsy be taken from the gastric body in patients who have a recent history of acid suppression or antibiotic therapy. In a similar study from India, testing for H. pylori using biopsy specimens from the antrum alone (i.e. no specimens taken from the gastric body) resulted in 8% of the patients having false negative results. (24) This study was not without limitations. Firstly, we did not use histology to confirm the RUT results. As the sensitivity of the RUT can be significantly reduced when patients have been exposed to acid suppression or antibiotic therapy, there is a reasonable chance that some of the 162 patients with PDH who had negative RUTs were actually infected with H. pylori. In other words, there may have been an under-detection of the true incidence of H. pylori infection in our study population. However, this study was not designed to determine the incidence of H. pylori infection; it was designed to determine the usefulness of using biopsies from two separate locations for RUT in situations where histological examination for H. pylori is not routine. Secondly, the present study did not have intrasubject controls. The use of intrasubject controls would have been useful in determining whether the difference in the bacterial distribution was truly due to the effect of acid suppression/antibiotic therapy. However, based on the observed significant difference in the distribution patterns of the PDH and NDH groups, it is reasonable to conclude that acid suppression/antibiotic therapy is an important factor in the bacterial distribution of H. pylori. This is because it was the only factor analysed in the present study that resulted in a change in bacterial distribution. All of the other factors that were analysed did not suggest any possible link.
In conclusion, we observed a high prevalence of acid suppression or antibiotic therapy use in our study population. Patients who have a positive history for ongoing, or very recent, use of acid suppression or antibiotic therapy have significantly altered patterns of RUT results from the gastric antrum and the gastric body. In order to minimise false negative results in the detection of H. pylori infection, biopsies from both the gastric antrum and gastric body should be taken for RUT whenever possible.
